Abstract-In this work, a new approach on capacitors test and characterization is presented. The technique is based on a ammeter/voltmeter measurement setup using analog to digital converters (ADC) and an ellipse fitting signal processing algorithm. The method as shown here, is robust and allows accurate measurements in a wide range of frequency spectrum.
INTRODUCTION
Impedance measurement and electrical characterization of capacitors are of undoubtful importance in the manufacturing, quality control and final implementation of these devises. The commercial test instruments in this field typically include complex calibration procedures to ensure proper operation of the instruments and maintain their accuracy. The need for complex procedures, derived generally from the structure of the electronic interface of these instruments. Their modules require frequent calibration to correct the errors that arise from their dependency on signal's frequency, offset errors and gain errors. The recent trend in instrumentation and measurement is based on powerful digital analog converters (ADC), thanks to its remarkable progress in recent years in terms of resolution and sampling frequency, all at a relatively lower prices.
After a signal sampling and acquisition it is possible to implement algorithms in personal computers or in DSP boards with a great processing power and more capabilities [1] [2] . This combination is behind a revolution in instrumentation and measurement instruments that are developing cheaper and more versatile measurements tools. Among these, the optimization algorithms using the criterion of least squares are robust and widely used in many fields of instrumentation and measurement. However, there are two important properties in the ADCs devices that any user must have in account: The bit resolution and the sampling frequency. These two parameters are in opposition in the way that increasing one implies the decreasing of the other.
In face to what has been exposed, the method described in this paper is frequency independent and shows highly robustness results to ADC's resolution [3] .
II. MEASUREMENT CIRCUIT
The measurement circuit, powered by sine voltage from a sinewave generator, is described in Fig.1 . It is a classical ammeter/voltmeter circuit and is composed by one ohmic conductor Z R as reference impedance connected in serial configuration with the capacitor Z C under test. A data acquisition board with a 16 bits resolution ADC and multiple input ranges is used to acquire simultaneously the both voltage signals from both impedances trough two instrumentation amplifiers AI1 and AI2. The algorithm of ellipse fitting is implemented in MATLAB. The whole process of data acquisition and digital processing is directed by a MATLAB program using implemented functions from the Data Acquisition Toolbox. The estimation of the sinewave amplitudes and their phase difference. are used to calculate the magnitude and phase of the impedance under test The measurement procedure consists on the measuring the ratio between the voltages across the capacitor under test and the voltage across the reference impedance as well as the phase difference [2] III. ELLIPSE-FITTING ALGORITHM This section presents the application of the non-iterative algorithm described in [1] , to determine the amplitude and phase difference between two sinusoids without resorting to estimate the frequency. The two sinusoidal signals are sampled and presented as two sets of samples obtained simultaneously, with the same sampling rate through two channels. The integer number k is the order of samples acquired.
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The set of acquered data is considered to be described by:
(1)
Where, u 1,k and u 2,k are the k th sample in the 1 th and 2 th channel respectively. The XY plot of the samples is presented in the Figure 2 . The problem is to find the quadratic form, in this case an ellipse, which best fits, on the least square means, the experimental data set. The problem is entirely solved in [1] [2] and [4] 
Figure 2 Plot od the sampled data
The amplitudes, dc components and phase difference are deduced from the parameters of the fitted ellipse [2] .
IV. APLICATION TO CAPACITORS CHARACTERIZATION AND CONCLUSIONS
A set of diferent impedances was selected in order to test the performance of the algorithm. The selected impedances are composed in laboratory from a diferent discrete components in order to cover as wide as possible the Argand plane.
The test was done with a sampling time coresponding to under the Nyquist frequency limite. The Figure 2 shows a XY plot of the both channels. The commun frequency of the two signals is 10 kHz. The samples are acquired at a sampling The numerical simulations consigned in Figure 3 shows that the algorithm has the best performance for the impedances with phases near to 90º. This fact asociated with the use of sampling frequencies under the Nyquist limit theorema make the method much suitable for capacitors. In These components the phases algebraic sign is well known and there is no need to estimate it.
The method shows also be robust to ADC resolution. 
